DISPLAY PANEL DRIVING METHOD 

*/ 

BACKGROUND OF THE INVENTION 

Field of the I nve ntion 

The present invention relates to a driving method for 
driving a display panel such as an AC driven plasma display 
panel or an electroluminescence display panel. 
2^ Description of the Related Art 

Currently, display panels comparing capacitive light 
emitting elements such as a plasma display panel 
(hereinafter referred to as the "PDP"), an 

electroluminescence display panel (hereinafter referred to 
as the "ELP" ) and the like have been brought into practical 
use to provide wall-mounted television sets. 

Fig. 1 generally shows such a plasma display panel 
which has a PDP as a display panel (see, for example, 
Japanese Patent Kokai No. 2002-156941) . 

In Fig. 1, a PDP 10 as a plasma display panel comprises 
row electrodes Y x - Y n and X x - X n which form pairs of row 
electrodes X, Y, each of which corresponds to each line 
(first to n-th rows) of one screen. The PDP 10 is further 
formed of column electrodes Z 1 - Z m corresponding to 
respective columns (first to m-th columns) of one screen, 
which are orthogonal to the row electrode pairs and across 
a dielectric layer and a discharge space, not shown. A 
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discharge cell serving as a pixel is formed at the 
intersection of a pair of row electrodes (X, Y) with a 
column electrode Z. 

Here, since each discharge cell emits light by 
discharging, it has only two states: a light emitting 
state at the highest luminance and an unlit state. In 
other words, the discharge cell can represent only two 
levels of luminance, i.e., the lowest luminance and highest 
luminance if no measures are taken therefor. 

Thus, a driving apparatus 100 conducts a gradation 
driving scheme which employs a sub-field method for 
providing halftone luminance levels corresponding to an 
input video signal for the PDP 10 which is comprised of 
such a light emitting element as each pixel cell. 

The sub-field method involves converting an input video 
signal into N-bit pixel data corresponding to each pixel, 
and dividing one field display period into N sub-fields 
corresponding to respective bit digits of the N bits. Each 
of the sub-fields is assigned the number of times of 
discharge generated corresponding to a weighting 
coefficient applied to the sub-field, so that this 
discharge is selectively generated only in sub-fields in 
accordance with the video signal. In this event, a 
halftone luminance corresponding to the video signal can be 
accomplished by a total number of times the discharge is 



generated in each sub-field (within one field display 
period) . 

A selective erasure addressing method is known as a 
method of driving a PDP to provide halftone luminance by 
use of the sub-field method. 

Fig. 2 is a timing chart showing applying timings at 
which the driving apparatus 100 applies a variety of 
driving pulses to the column electrodes and the row 
electrode pairs of the PDP 10 in one sub-field based on the 
selective erasure addressing method (see, for example, Fig. 
2 in Japanese Patent Kokai No. 2002-156941) . 

The driving apparatus 100 first applies a reset pulse 
RP X of negative polarity to the row electrodes X x - X n , and 
a reset pulse RP Y of positive polarity to the row 
electrodes Y 1 - Y n (simultaneous reset stage Rc) . In 
response to the application of these reset pulses RP X and 
RP y , all the discharge cells in the PDP 10 are reset or 
discharged to uniformly form a predetermined amount of wall 
charge in each of the discharge cells. In this way, all 
the discharge cells are initially set once into a light 
emission mode. 

Next, the driving apparatus 100 converts the input 
video signal, for example, into 8-bit pixel data for each 
pixel. The driving apparatus 100 divides the pixel data 
for each bit digit to generate pixel data bits, and 
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generates a pixel data pulse having a pulse voltage in 
accordance with the logical level of each of the pixel data 
bits. For example, the driving apparatus 100 generates the 
pixel data pulse DP at a high voltage when the pixel data 
bit is at logical level "1" and at a low voltage (zero 
volt) when the pixel data bit is at logical level "0." 
Then, the driving apparatus 100 sequentially applies the 
column electrodes Z 1 - Z m with the pixel data pulses DP for 
one line (m pulses) . Further, the driving apparatus 100 
sequentially applies the row electrodes Y x - Y n with a 
scanning pulse SP as shown in Fig. 2 in synchronism with 
the timings of applying the pixel data pulses DP (pixel 
data writing stage Wc) . In this event, a discharge occurs 
only in discharge cells at intersections of those row 
electrodes which have been applied with the scanning pulse 
SP -and those column electrodes which have been applied with 
the pixel data pulses at high voltage (selective writing 
discharge) to erase wall charges remaining in these 
discharge cells. In this way, those discharge cells, which 
have been initialized to the light emission mode in the 
simultaneous reset stage Rc, proceed to a light extinction 
mode. On the other hand, those discharge cells which have 
been applied with the scanning pulse SP but also applied 
with low voltage image data pulses do not undergo the 
selective writing discharge, and remain in the initialized 
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state in the simultaneous reset stage Rc, i.e., the light 
emission mode. 

Next, as shown in Fig. 2, the driving apparatus 100 
repeatedly applies a sustain pulse IP X of positive polarity 
to the row electrodes ^ - X n , and repeatedly applies a 
sustain pulse IP Y of positive polarity to the row 
electrodes Y x - Y n (light emission sustaining stage Ic) . In 
this event, those discharge cells in which the wall charge 
remains, i.e., only discharge cells in the light emission 
mode discharge each time they are alternately applied with 
the sustain pulses IP X , IP y (sustain discharge) . In other 
words, only discharge cells which have been set into the 
light emission mode in the pixel data writing stage Wc 
repeat the light emission associated with the sustain 
discharge a number of times corresponding to the weight 
coefficient applied to each sub-field to sustain their 
light emitting state. It should be noted that the number 
of times the sustain pulses IP X , IP Y are applied in one 
sub-field has been previously set in accordance with the 
weighting coefficient applied to each sub-field. 

Next, the driving apparatus 100 applies the row 
electrodes X x - X n with an erasure pulse EP as shown in Fig. 
2 (erasure stage E) . In this way, all the discharge cells 
are simultaneously erased or discharged to extinguish the 
wall charges remaining in the respective discharge cells. 
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However, when the foregoing driving is applied to a 
capacitive display panel such as the PDP or ELP, the 
application of the pixel data pulse DP, for example, 
results in charging and discharging of not only display 
lines for which a data write is intended, but also display 
lines for which the data write is not intended, and the 
capacitance must further be charged and discharged between 
adjacent column electrodes. 

Consequently, a problem arises in that large power 
consumption is accompanied with a pixel data write. 

It is an object of the present invention to provide a 
display panel driving method which is capable of reducing 
the power consumption. 
SUMMARY OF THE INVENTION 

A display panel driving method according to a first 
aspect of the present invention drives a display panel 
formed with a plurality of pixel cells serving as pixels on 
each of n display lines every plural sub-fields which make 
up each field of an input video signal for providing a 
gradation display, wherein each of the sub-field includes 
an addressing stage for scanning each of pixel cells formed 
on each of the n display lines from one display line to 
another to set the pixel cells into either a light emission 
mode or a light extinction mode based on the input video 
signal, and a sustain stage for forcing only the pixel 
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cells set in the light emission mode to emit light for a 
duration corresponding to said sub-field, and each of the n 
display lines is scanned in the addressing stage in each of 
the at least two sub-fields in each of the sub-fields in an 
order different from a scanning order in the addressing 
stage of each of the other sub-fields. 

A display panel driving method according to a second 
aspect of the present invention drives a display panel 
formed with a plurality of pixel cells serving as pixels on 
each of n display lines in accordance with an input video 
signal for providing a gradation display. The method 
comprising the step of performing an addressing stage for 
scanning each of the pixel cells formed on each of the n 
display lines from one display line to another to set the 
pixel cell into a light emission mode or a light extinction 
mode based on the input video signal, and a sustain stage 
for forcing only the pixel cells set in the light emission 
mode to emit light for a duration corresponding to the sub- 
field, wherein each of the n display lines is scanned in 
the addressing stage in the field or in a field group 
comprised of a plurality of the fields in an order 
different from a scanning order in the addressing stage in 
other fields or other field groups. 
P RIEF DES CRIP TI ON QF THE DRAWINGS 

Fig. 1 is a diagram generally showing the configuration 
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of a plasma display device; 

Fig. 2 is a diagram showing a variety of driving pulses 
applied to the PDP 10 illustrated in Fig. 1 based on the 
sub-field method, and timings at which the driving pulses 
are applied; 

Fig. 3 is a diagram showing the configuration of a 
display device which employs a driving apparatus according 
to the present invention; 

Fig. 4 is a diagram showing the internal configuration 
of a data converter circuit 30 shown in Fig. 3; 

Fig. 5 is a diagram showing an example of conversion 
characteristic by a first data converter circuit 32 shown 
in Fig. 4; 

Fig. 6 is a diagram showing a data conversion table for 
a second data converter circuit 34 shown in Fig. 4 in 
correspondence to a light emission driving pattern; 

Fig. 7 is a diagram showing an example of light 
emission driving sequence in the display device shown in 
Fig. 3; 

Fig. 8 is a diagram showing a variety of driving pulses 
applied to a PDP 100 in accordance with the light emission 
driving sequence shown in Fig. 7, and timings at which the 
driving pulses are applied; 

Fig. 9 is a diagram showing a variety of driving pulses 
applied to a PDP 100 in accordance with the light emission 



8 



driving sequence shown in Fig. 7 , and timings at which the 
driving pulses are applied; 

Fig. 10 is a diagram showing an example of the state 
(light emission mode or light extinction mode) which is set 
for each cell based on an input video signal in an 
addressing stage of each sub-field; 

Fig. 11 is a diagram showing another example of the 
state (light emission mode or light extinction mode) which 
is set for each cell based on an input video signal in the 
addressing stage of each sub-field; 

Fig. 12 is a diagram showing another example of the 
light emission driving sequence in the display device shown 
in Fig. 3; and 

Fig. 13 is a diagram showing a further example of the 
light emission driving sequence in the display device shown 
in Fig. 3. 

DETA I LE D DES C R IP T IO N OF TH E INVENTION 

Fig. 3 is a diagram showing the configuration of a 
display device which drives a display panel in accordance 
with a driving method according to the present invention. 
The display device shown in Fig. 3 is made up of a plasma 
display panel 100 (hereinafter referred to as the "PDP 
100") as the display panel, and a driving unit for driving 
the PDP 100. The driving unit comprises a synchronization 
detector circuit 1, a drive control circuit 2, an A/D 
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converter 4, a data converter circuit 30, a memory 5, an 
address driver 6, a first sustain driver 7 , and a second 
sustain driver 8. 

The PDP 100 comprises m column electrodes Di - D m as 
address electrodes , and n row electrodes X x - X n and n row 
electrodes Y x - Y n which are arranged to intersect with 
each of the column electrodes. A discharge cell serving as 
a pixel is formed at the intersection of each column 
electrode D and a pair of low electrodes X, Y adjacent to 
each other. In other words, PDP 100 is provided with a 
first to an n-th display line, each of which has m 
discharge cells arranged thereon. 

The synchronization detector circuit 1 generates a 
vertical synchronization signal V when it detects a 
vertical synchronization signal from an analog input video 
signal, and generates a horizontal synchronization signal H 
when it detects a horizontal synchronization signal from 
this input video signal, and supplies these to the drive 
control circuit 2. The A/D converter 4 samples the analog 
input video signal in response to a clock signal supplied 
from the drive control circuit 2, and converts the sampled 
input video signal to, for example, 8-bit pixel data PD for 
each pixel which is supplied to the data converter circuit 
30. In other words, the pixel data PD represents the 
luminance level of each pixel indicated by the input video 
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signal by a value from "0" to "255." 

Fig. 4 is a diagram showing the internal configuration of 
the data converter circuit 30. 

As shown in Fig. 4, the data converter circuit 30 
comprises a first data converter circuit 32, a multi- 
gradation processing circuit 33, and a second data 
converter circuit 34. 

In Fig. 4, the first data converter circuit 32 converts the 
luminance level of each pixel indicated by the 8-bit pixel 
data PD into luminance conversion pixel data PD L which 
represents the luminance level from "0" to "192" in eight 
bits in accordance with conversion characteristics as shown 
in Fig. 5, and supplies the luminance conversion pixel data 
PD L to the multi-gradation processing circuit 33. The data 
conversion performed by the first data converter circuit 32 
prevents a saturated luminance caused by the multi- 
gradation processing in the multi-gradation processing 
circuit 33, and a flat portion (i.e., distortion in 
gradation) in the display characteristic which would be 
produced when a display gradation is not on a bit boundary. 

The multi-gradation processing circuit 33 applies error 
diffusion processing and dither processing to the 8-bit 
luminance conversion pixel data PD L to generate multi- 
gradation pixel data PD S which has its number of bits 
compressed to four bits while maintaining the number of 
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current gradation representation levels, and supplies the 
multi-gradation pixel data PD S to the second data converter 
circuit 34. For example, in the error diffusion processing, 
the pixel data PD is first separated into upper six bits 
regarded as display data and the remaining lower two bits 
regarded as error data. Then, the error data derived from 
the pixel data PD corresponding to respective peripheral 
pixels are added with weighting. The resulting data is 
reflected to the display data. This operation causes the 
luminance of the lower two bits in the original pixel to be 
virtually represented by the peripheral pixel, so that a 
luminance gradation representation equivalent to that 
provided by the 8-bit pixel data can be accomplished by the 
display data comprised of six bits which are less than 
eight bits. Next, the 6-bit error diffusion processed 
pixel data resulting from the error diffusion processing is 
applied with the dither processing. The dither processing 
involves treating a plurality of adjacent pixels as one 
pixel unit, and assigning dither coefficients having 
coefficient values different from one another to pixel data 
corresponding to the respective pixels in this pixel unit, 
and adding the resulting pixel data to derive dither 
addition pixel data. According to the dither addition as 
mentioned, a luminance corresponding to eight bits can be 
represented even with only the upper four bits of the 
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dither addition pixel data, when viewed in the pixel unit. 
The multi-gradation processing circuit 33 extracts upper 
four bits of the dither addition pixel data as multi- 
gradation pixel data PD S which is supplied to the second 
data converter circuit 34. 

The second data converter circuit 34 converts the 4-bit 
multi-gradation pixel data PD S to pixel drive data GD 
comprised of a first to a twelfth bit in accordance with a 
conversion table as shown in Fig. 6, and supplies the pixel 
drive data GD to the memory 5. 

The pixel drive data GD is sequentially written into 
the memory 5 for storage in response to a write signal 
supplied from the drive control circuit 2. With the write 
operation, as pixel drive data GD (1/1) - GD (rl/m) has been 
completed for one screen (n lines, m columns) , the memory 5 
performs a read operation in response to a read signal 
supplied from the drive control circuit 2 in the following 
manner. Specifically, the memory 5 reads only the first 
bit of each of the pixel drive data GD (1/1) - GD (n/m) as a 
pixel drive data bit DB1, and supplies the pixel drive data 
bits DB1 to the address driver 6 from one display line to 
another. Next, the memory 5 reads only the second bit of 
each of the pixel drive data GD (1/1) - GD (n , m) as a pixel drive 
data bit DB2, and supplies the pixel drive data bits DB2 to 
the address driver 6 from one display line to another. 



13 



Next, the memory 5 reads only the third bit of each of the 
pixel drive data GD (1#1) - GD (n#m) as a pixel drive data bit 
DB3, and supplies the pixel drive data bits DB3 to the 
address driver 6 from one display line to another. In the 
following, the memory 5 similarly separates the fourth to 
the twelfth bits of each of the pixel drive data GD (1#1) - 
GD (n>m) for reading as pixel drive data bits DB4, - DB12, and 
supplies each of the pixel drive data bits DB4 - DB12 to 
the address driver 6 from one display line to another. 

The memory 5 performs the read operation for each of 
the pixel drive data bits DB1 - DB12 at the timing of each 
of sub-fields SF1 - SF12, later described. Specifically, 
the memory 5 reads the pixel drive data bit DB1 in the sub- 
field SF1, and reads the pixel drive data bit DB2 in the 
sub-field SF2. 

The drive control circuit 2 supplies a variety of 
timing signals for driving the PDP 100 to each of the 
address driver 6, first sustain driver 7, and second 
sustain driver 8 in accordance with a light emission 
driving sequence based on the sub-field method as shown in 
Fig. 7. 

In the light emission driving sequence shown in Fig. 7, 
in each of the 12 sub-fields SF1 - SF12, the addressing 
stage W (Wl, W2 X - W2 2 , W3 X - W3 4 ) is executed for setting 
each of the discharge cells into either the light emission 
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mode or the light extinction mode in accordance with the 
pixel drive data bit DB. Further in each of the sub-fields 
SF1 - SF12, a sustain stage I is executed for forcing only 
those discharge cells set in the light emission mode to 
continuously emit light for a duration corresponding to a 
weighting coefficient applied to each sub-field. For 
example, assuming that the duration of light emission 
performed in the sustain stage I of the sub-field SF1 is 
set to "1," discharge cells set in the light emission mode 
are forced to continuously emit light for the following 
durations in the sustain stage I of each of the sub-fields 
SF1 - SF12: 

SF1: 1 

SF2: 2 

SF3: 4 

SF4: 6 

SF5: 10 

SF6: 14 

SF7: 19 

SF8: 25 

SF9: 31 

SF10: 39 

SF11: 47 

SF12: 57 

Also, in the first sub-field SF1, the reset stage R is 
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executed prior to the addressing stage to initialize all 
the discharge cells to the light emission mode. In the 
last sub-field SF12, the erasure stage E is executed after 
the sustain stage I for changing all the discharge cells to 
the light extinction mode. 

In the addressing stage Wl in each of the sub-fields 
SF1 and SF2, each of the discharge cells belonging to each 
of the first to the n-th lines on the PDP 100 is 
sequentially set into the light emission mode or light 
extinction mode from one display line to another. 

In the addressing stage W2 X of each of the sub-fields 
SF3 - SF10, only discharge cells belonging to each of odd- 
numbered display lines within the first to the n-th display 
lines on the PDP 100, i.e., the first, third, fifth, 
(n-l)th display lines are sequentially set into the light 
emission mode or light extinction mode from one display 
line to another. Also, in the addressing stage W2 2 of each 
of the sub-fields SF3 - SF10, only discharge cells 
belonging to each of even-numbered display lines, i.e., the 
second, fourth, sixth, . . . , n-th display lines are 
sequentially set into the light emission mode or light 
extinction mode from one display line to another. 

Further, in the addressing stage W3 X of each of the 
sub-fields SF11 and SF12, discharge cells belonging to each 
of (4N-3)th display lines (where N is a natural number), 
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i.e., the first, fifth, ninth, . .., (n-3)th display lines 
are sequentially set into the light emission mode or light 
extinction mode from one display line to another. In the 
addressing stage W3 2 of each of the sub-fields SF11 and 
SF12, discharge cells belonging to each of (4N-2)th display 
lines (where N is a natural number), i.e., the second, 
sixth, tenth, (n-2)th display lines are sequentially 

set into the light emission mode or light extinction mode 
from one display line to another. In the addressing stage 
W3 3 of each of the sub-fields SF11 and SF12, discharge 
cells belonging to each of (4N-l)th display lines (where N 
is a natural number), i.e., the third, seventh, 
eleventh, (n-l)th display lines are sequentially set 

into the light emission mode or light extinction mode from 
one display line to another. In the addressing stage W3 4 
of each of the sub-fields SF11 and SF12, discharge cells 
belonging to each of (4N)th display lines (where N is a 
natural number), i.e., the fourth, eighth, twelfth, n- 
th display lines are sequentially set into the light 
emission mode or light extinction mode from one display 
line to another. 

Figs. 8 and 9 are diagrams respectively showing a variety 
of pulses applied to the row electrodes and column 
electrodes of the PDP 100 by the address driver 6, first 
sustain driver 7, and second sustain driver 8 in accordance 
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with the light emission driving sequence shown in Fig. 7, 
and timings at which the pulses are applied. Specifically, 
Fig. 8 only shows the sub-fields SF1 - SF3 extracted from 
SF1 - SF12, while Fig. 9 only shows the sub-field SF12 
extracted from SF1 - SF12. 

First, in the reset stage R of the sub-field SF1 as 
shown in Fig. 8, the first sustain driver 7 applies the row 
electrodes X x - X n with the reset pulse RP X of negative 
polarity. 

Simultaneously with the application of the reset pulse 
RP X/ the second sustain driver 8 applies the row electrodes 
Y 1 - Y 2 with the reset pulse RP Y of positive polarity. In 
response to the application of these reset pulses RP X and 
RP Y , all discharge cells in the PDP 100 are reset or 
discharged to uniformly form a predetermined amount of wall 
charge in each of the discharge cells. In this way, all 
the discharge cells are initialized to a state in which a 
sustain discharge is generated in the sustain stage I, 
later described (hereinafter referred to as the "light 
emission mode"). 

In the addressing stage Wl of each of the sub-fields 
SF1 and SF2, the address driver 6 generates a pixel data 
pulse which has a voltage corresponding to the logical 
level of a pixel drive data bit DB supplied from the memory 
5. For example, the address driver 6 generates a pixel 
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data pulse at high voltage when the pixel drive data bit DB 
is at logical level "1," and a pixel data pulse at low 
voltage (zero volt) when the pixel drive data bit DB is at 
logical level "0." Then, the address driver 6 sequentially 
applies the column electrodes D 1 - D m with the pixel data 
pulses once for one display line (by m pixel data pulses) . 
For example, in the addressing stage Wl of the sub-field 
SF1, the address driver 6 first applies the column 
electrodes D x - D m with a pixel data pulse group DPI 
comprised of m pixel data pulses corresponding to the first 
display line. Subsequently, the address driver 6 applies 
the column electrodes D x - D m with the pixel data pulses 
once for one display line in the order of a pixel data 
pulse group DP2 corresponding to the second display line, a 
pixel data pulse group DP3 corresponding to the third 
display line, a pixel data pulse group DPn 

corresponding to the n-th display line. Further, in the 
addressing stage Wl, the second sustain driver 8 generates 
a scanning pulse SP of negative polarity as shown in Fig. 8 
at the same timing at which each of the pixel data pulse 
groups DP as mentioned above is applied, and sequentially 
applies the row electrodes Y x - Y n with the scanning pulse 
SP. In this event, discharge is generated only in those 
discharge cells positioned at intersections of the row 
electrodes applied with the scanning pulse SP with the 
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column electrodes applied with the pixel data pulse at high 
voltage (selective erasure discharge) , thereby selectively 
erasing the wall charges which have remained in these 
discharge cells. The discharge cells which have undergone 
the selective erasure discharge transition to a state in 
which the sustain discharge is not generated in the sustain 
stage I, later described (hereinafter referred to as the 
"light extinction mode") . On the other hand, discharge 
cells which do not undergo the selective erasure discharge 
maintain the previous state. Specifically, discharge cells 
in the light emission mode maintain the light emission mode 
without transition, while discharge cells in the light 
extinction mode maintain the light extinction mode without 
transition . 

As described above, each of discharge cells is set into 
either the light emission mode or the light extinction mode 
based on an input video signal from the first display line 
to the n-th display line on the PDP 100 on a line-by-line 
basis. In other words, in the addressing stage Wl, pixel 
data is sequentially written from the first display line to 
the n-th display line on the PDP 100 on a line-by-line 
basis . 

In the addressing stage W2 X of each of the sub-fields 
SF3 - SF10, the address driver 6 sequentially applies the 
column electrodes D 1 - D m with a pixel data pulse group 
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corresponding to each of odd-numbered display lines once 
for one display line (by six pixel data pulses) . For 
example, in the addressing stage W2 X of the sub-field SF3, 
the address driver 6 first applies the column electrodes D x 
- D m with a pixel data pulse group DPI comprised of m pixel 
data pulses corresponding to the first display line of the 
DPD 100. Subsequently, the address driver 6 sequentially 
applies the column electrodes D 1 - D m with each of pixel 
data pulse groups DP3, DPS, DP7 , DP(n-l) respectively 

corresponding to the third, fifth, seventh, (n-l)th 
display lines. Further, in the addressing stage W2 lf the 
second sustain driver 8 sequentially applies the odd- 
numbered row electrodes Y lf Y 3 , Y 5 , . . . , Y (n _ 1} with the 
scanning pulse SP of negative polarity as shown in Fig. 8 
at the same timing at which each of the pixel data pulse 
groups DP as mentioned above is applied. In this event, 
the selective erasure discharge occurs only in those 
discharge cells at the intersections of the row electrodes 
applied with the scanning pulse SP with the column 
electrodes applied with the pixel data pulse at high 
voltage, thereby selectively erasing the wall charges which 
have remained in these discharge cells. The discharge 
cells which have undergone the selective erasure discharge 
transition to the light extinction mode. On the other hand, 
discharge cells which have not undergone the selective 
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erasure discharge maintain the previous state. 
Specifically, discharge cells in the light emission mode 
maintain the light emission mode without transition, while 
discharge cells in the light extinction mode maintain the 
light extinction mode without transition. 

In the addressing stage W2 2 of each of the sub-fields 
SF3 - SF10, the address driver 6 sequentially applies the 
column electrodes D ± - D m with a pixel data pulse group 
corresponding to each of even-numbered display lines once 
for one display line (by six pixel data pulses) . For 
example, in the addressing stage W2 2 of the sub-field SF3, 
the address driver 6 first applies the column electrodes D x 
- D m with a pixel data pulse group DP2 comprised of m pixel 
data pulses corresponding to the second display line of the 
PDP 100. Subsequently, the address driver 6 sequentially 
applies the column electrodes D x - D m with each of pixel 
data pulse groups DP4, DP6, DP8, DPn respectively 

corresponding to the fourth, sixth, eighth, n-th 
display lines. Further, in the addressing stage W2 2 , the 
second sustain driver 8 sequentially applies the even- 
numbered row electrodes Y 2 , Y 4 , Y 6 , Y n with the 
scanning pulse SP of negative polarity as shown in Fig. 8 
at the same timing at which each of the pixel data pulse 
groups DP as mentioned above is applied. In this event, 
the selective erasure discharge occurs only in those 
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discharge cells at the intersections of the row electrodes 
applied with the scanning pulse SP with the column 
electrodes applied with the pixel data pulse at high 
voltage, thereby selectively erasing the wall charges which 
have remained in these discharge cells. The discharge 
cells which have undergone the selective erasure discharge 
transition to the light extinction mode. On the other hand, 
discharge cells which have not undergone the selective 
erasure discharge maintain the previous state. 
Specifically, discharge cells in the light emission mode 
maintain the light emission mode without transition, while 
discharge cells in the light extinction mode maintain the 
light extinction mode without transition. 

In this way, in the addressing stage W2 X of each of the 
sub-fields SF3 - SF10, only those discharge cells belonging 
to the odd-numbered display lines of the PDP 100 are set 
into either the light emission mode or the light extinction 
mode based on an input video signal. On the other hand, in 
the addressing stage W2 2 , only those discharge cells 
belonging to the even-numbered display lines are set into 
either the light emission mode or the light extinction mode 
based on the input video signal. Specifically, in each of 
the sub-fields SF3 - SF10, pixel data is written into every 
other display line from the first display line to the n-th 
display line through the addressing stages W2 X and W2 2 . 
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In the addressing stage Vi3 1 of each of the sub-fields 
SF11 and SF12, the column electrodes D x - D m are 
sequentially applied with a pixel data pulse group 
corresponding to each of the (4N-3)th display lines on the 
PDP 100 once for one display line (by m pixel data pulses) . 
For example, in the addressing stage VJ3 X the sub-field SF12 
as shown in Fig. 9, the address driver 6 first applies the 
column electrodes D 1 - D m with a pixel data pulse group DPI 
comprised of m pixel data pulses corresponding to the first 
display line on the PDP 100. Subsequently, the address 
driver 6 sequentially applies the column electrodes D x - D m 
with each of pixel data pulse groups DP5, DP9, DP(n-3) 
respectively corresponding to the fifth, ninth, . . . , (n- 
3)th display lines. Further, in the addressing stage W3 X , 
the second sustain driver 8 sequentially applies the (4N- 
3)th row electrodes Y lf Y 5 , Y 9 , Y (n _ 3) with the scanning 

pulse SP of negative polarity as shown in Fig. 9 at the 
same timing at which each of the pixel data pulse groups DP 
as mentioned above is applied. In this event, the 
selective erasure discharge occurs only in those discharge 
cells at the intersections of the row electrodes applied 
with the scanning pulse SP with the column electrodes 
applied with the pixel data pulse at high voltage, thereby 
selectively erasing the wall charges which have remained in 
these discharge cells. The discharge cells which have 
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undergone the selective erasure discharge transition to the 
light extinction mode. On the other hand, discharge cells 
which have not undergone the selective erasure discharge 
maintain the previous state. Specifically, discharge cells 
in the light emission mode maintain the light emission mode 
without transition, while discharge cells in the light 
extinction mode maintain the light extinction mode without 
transition . 

In the addressing stage W3 2 of each of the sub-fields SF11 
and SF12, the column electrodes D 1 - D m are sequentially 
applied with a pixel data pulse group corresponding to each 
of the (4N-2)th display lines on the PDP 100 once for one 
display line (by m pixel data pulses) . For example, in the 
addressing stage W3 2 of the sub-field SF12 as shown in Fig. 
9, the address driver 6 first applies the column electrodes 
D x - D m with a pixel data pulse group DP2 comprised of m 
pixel data pulses corresponding to the second display line 
on the PDP 100. Subsequently, the address driver 6 
sequentially applies the column electrodes D ± - D m with 
each of pixel data pulse groups DP6, DP10, DP(n-2) 
respectively corresponding to the sixth, tenth, (n- 
2)th display lines. Further, in the addressing stage W3 2 , 
the second sustain driver 8 sequentially applies the (4N- 
2)th row electrodes Y 2 , Y 6 , Y 10 , Y (n _ 2) with the scanning 

pulse SP of negative polarity as shown in Fig. 9 at the 
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same timing at which each of the pixel data pulse groups DP 
as mentioned above is applied. In this event, the 
selective erasure discharge occurs only in those discharge 
cells at the intersections of the row electrodes applied 
with the scanning pulse SP with the column electrodes 
applied with the pixel data pulse at high voltage, thereby 
selectively erasing the wall charges which have remained in 
these discharge cells. The discharge cells which have 
undergone the selective erasure discharge transition to the 
light extinction mode. On the other hand, discharge cells 
which have not undergone the selective erasure discharge 
maintain the previous state. Specifically, discharge cells 
in the light emission mode maintain the light emission mode 
without transition, while discharge cells in the light 
extinction mode maintain the light extinction mode without 
transition . 

In the addressing stage W3 3 of each of the sub-fields SF11 
and SF12, the column electrodes D x - D m are sequentially 
applied with a pixel data pulse group corresponding to each 
of the (4N-l)th display lines on the PDP 100 once for one 
display line (by m pixel data pulses) . For example, in the 
addressing stage W3 3 of the sub-field SF12 as shown in Fig. 
9, the address driver 6 first applies the column electrodes 
D l - D m with a pixel data pulse group DP3 comprised of m 
pixel data pulses corresponding to the third display line 
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on the PDP 100. Subsequently, the address driver 6 
sequentially applies the column electrodes D x - D m with 
each of pixel data pulse groups DP7, DP11, DP(n-l) 
respectively corresponding to the seventh, eleventh, . . . , 
(n-l)th display lines. Further, in the addressing stage 
W3 3 , the second sustain driver 8 sequentially applies the 
(4N-l)th row electrodes Y 3 , Y 7 , Y X1 , . .., Y {n _ 1} with the 
scanning pulse SP of negative polarity as shown in Fig. 9 
at the same timing at which each of the pixel data pulse 
groups DP as mentioned above is applied. In this event, 
the selective erasure discharge occurs only in those 
discharge cells at the intersections of the row electrodes 
applied with the scanning pulse SP with the column 
electrodes applied with the pixel data pulse at high 
voltage, thereby selectively erasing the wall charges which 
have remained in these discharge cells. The discharge 
cells which have undergone the selective erasure discharge 
transition to the light extinction mode. On the other hand, 
discharge cells which have not undergone the selective 
erasure discharge maintain the previous state. 
Specifically, discharge cells in the light emission mode 
maintain the light emission mode without transition, while 
discharge cells in the light extinction mode maintain the 
light extinction mode without transition. 

In the addressing stage W3 4 of each of the sub-fields 
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SF11 and SF12, the column electrodes D 1 - D m are 
sequentially applied with a pixel data pulse group 
corresponding to each of the (4N)th display lines on the 
PDP 100 once for one display line (by m pixel data pulses) . 
For example, in the addressing stage W3 4 of the sub-field 
SF12 as shown in Fig. 9, the address driver 6 first applies 
the column electrodes D x - D m with a pixel data pulse group 
DP4 comprised of m pixel data pulses corresponding to the 
fourth display line on the PDP 100. Subsequently, the 
address driver 6 sequentially applies the column electrodes 
D 1 - D m with each of pixel data pulse groups DP8 , DP12, . .., 
DP(n) respectively corresponding to the eighth, 
twelfth, n-th display lines. Further, in the 

addressing stage W3 4 , the second sustain driver 8 
sequentially applies the (4N)th row electrodes Y 4 , Y 8 , 
Y 12 , . . . , Y (n) with the scanning pulse SP of negative 
polarity as shown in Fig. 9 at the same timing at which 
each of the pixel data pulse groups DP as mentioned above 
is applied. In this event, the selective erasure discharge 
occurs only in those discharge cells at the intersections 
of the row electrodes applied with the scanning pulse SP 
with the column electrodes applied with the pixel data 
pulse at high voltage, thereby selectively erasing the wall 
charges which have remained in these discharge cells. The 
discharge cells which have undergone the selective erasure 
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discharge transition to the light extinction mode. On the 
other hand, discharge cells which have not undergone the 
selective erasure discharge maintain the previous state. 
Specifically, discharge cells in the light emission mode 
maintain the light emission mode without transition, while 
discharge cells in the light extinction mode maintain the 
light extinction mode without transition. 

As described above, in the addressing stage VI3 1 of each 
of the. sub-fields SFll and SF12, only discharge cells 
belonging to the (4N-3)th display lines on the PDP 100 are 
set into either the light emission mode or the light 
extinction mode based on an input video signal. In the 
addressing stage W3 2 , in turn, only discharge cells 
belonging to the (4N-2)th display lines on the PDP 100 are 
set into either the light emission mode or the light 
extinction mode based on the input video signal. Also, in 
the addressing stage W3 3 , only discharge cells belonging to 
the (4N-l)th display lines on the PDP 100 are set into 
either the light emission mode or the light extinction mode 
based on the input video signal. Further, in the 
addressing stage W3 4 , only discharge cells belonging to the 
(4N)th display lines on the PDP 100 are set into either the 
light emission mode or the light extinction mode based on 
the input video signal. In other words, in the sub-fields 
SFll and SF12, pixel data is written into every third 



29 



display line from the first display line to the n-th 
display line through the addressing stages W3 X - W3 4 . 
Next, in the sustain stage I of each sub-field, the first 
sustain driver 7 and second sustain driver 8 alternately 
and repeatedly apply the row electrodes X x - X n and Y 1 - Y n 
with sustain pulses IP X and IP V as shown in Fig. 8 or 9. In 
this event, the number of times the sustain pulses IP X , IP y 
are applied in the sustain stage I of each of the sub- 
fields SF1 - SF12 corresponds to a light emission duration 
assigned to each of the sub-fields, as previously described. 

In this event, only discharge cells in which the wall 
charge still remains, i.e., discharge cells remaining in 
the light emission mode discharge to sustain the light 
emission mode each time they are applied with the sustain 
pulses IP X and IP Y . Consequently, the discharge cells in 
the light emission mode sustain the light emission 
associated with the sustain discharge for a light emission 
duration allocated to each sub-field. 

In the erasure stage E performed only in the last sub- 
field SF12, the address driver 6 generates an erasure pulse 
AP of positive polarity as shown in Fig. 9 which is applied 
to the column electrodes D x - D m . Further, the second 
sustain driver 8 generates an erasure pulse EP of negative 
polarity as shown in Fig. 9 simultaneously with the timing 
at which the erasure pulse AP is applied, and applies the 
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erasure pulse EP to each of the row electrodes Y x - Y n . The 
simultaneous application of the erasure pulses AP and EP 
causes an erasure discharge to occur in all the discharge 
cells within the PDP 100, resulting in extinction of the 
wall charges remaining in all the discharge cells. 

According to the driving sequence shown in Figs. 7-9, 
only discharge cells set in the light emission mode in the 
addressing stage W of each sub-field repeat the light 
emission associated with the sustain discharge in the 
immediately following sustain stage I. 

Here, whether each discharge cell is set into the light 
emission mode or the light extinction mode depends on the 
pixel drive data GD as shown in Fig. 6. Specifically, when 
each bit of the pixel drive data GD is at logical level 
"1," the selective erasure discharge (represented by a 
black circle) is generated in the addressing stage Wc in 
the sub-field corresponding to the bit digit, thereby 
setting the discharge cell into the light extinction mode. 
On the other hand, when the bit is at logical level "0," 
the selective erasure discharge is not generated, so that 
the discharge cell maintains the current state. 
Specifically, a discharge cell which has remained in the 
light emission mode immediately before the addressing stage 
W maintains the light emission mode, while a discharge cell 
which has remained in the light extinction mode maintains 
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the light extinction mode. In this event, according to the 
13 possible pixel drive data GD as shown in Fig. 6, the 
number of bits which are at logical level "1" is one at 
most within the first to twelfth bits. In other words, 
according to the pixel drive data GD shown in Fig. 6, the 
selective erasure discharge is generated once or less 
without fail in one field period. Further, according to 
the light emission driving sequence shown in Fig. 7, 
discharge cells can be set into the light emission mode 
only in the simultaneous reset stage R in the first sub- 
field SF1. Therefore, when the PDP 100 is driven in 
accordance with the light emission driving sequence shown 
in Fig. 7 using the pixel drive data GD shown in Fig. 6, 
each discharge cell continuously remains in the light 
emission mode from the beginning of each field until the 
selective erasure discharge is generated in the sub-field 
marked with a black circle in Fig. 6. Then, the light 
emission is repeated associated with the sustain discharge 
for a duration corresponding to each sub-field in the 
sustain stage I of each of sub-fields represented by white 
circles existing in between. In this event, a halftone 
luminance is viewed in accordance with the total number of 
times of light emission associated with the sustain 
discharge performed in each of the sub-fields SF1 - SF12 
within one field period. 
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Specifically, the 13 different values of pixel drive data 
GD as shown in Fig. 6 provide representations of 13 
intermediate luminance levels respectively having the 
following light emission luminance: 

[0 : 2 : 5 : 8 : 18 : 29 : 46 : 68 : 96 : 131 : 174 : 225 : 
255] 

Here, the power consumed in the addressing stages (Wl, 
W2 X , W2 2 , W3 X - W3 4 ) (hereinafter referred to as the 
"addressing power") increases as the discharge cells are 
switched from the light emission mode to the light 
extinction mode or from the light extinction mode to the 
light emission mode on each column electrode D a larger 
number of times (per unit time) . For example, for 
sequentially setting each discharge cell into the light 
emission mode (represented by a white circle) or into the 
light extinction mode (represented by a black circle) in a 
form shown in Fig. 10 from the first to the n-th display 
lines on a line-by-line basis, the discharge cells are 
switched from the light emission mode to the light 
extinction mode (or vice versa) on each column electrode D 
from one display line to another. Specifically, discharge 
cells on the first display line are first set into the 
light extinction mode; discharge cells on the second 
display line into the light emission mode; discharge cells 
on the third display line into the light extinction mode; 
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and discharge cells on the fourth display line into the 
light emission mode. Now, focusing only on a column 
electrode D lf the column electrode D 1 is applied with a 
pixel data pulse at high voltage for setting the discharge 
cells on the first and third display lines into the light 
extinction mode, whereas the column electrode D x is applied 
with a pixel data pulse at low voltage for setting the 
discharge cells on the second and fourth display lines into 
the light emission mode. In this event, due to the PDP 100 
comprised of capacitive light emission elements, as the 
column electrode D x is applied with a pixel data pulse at 
high voltage for setting the discharge cells on the first 
display line into the light extinction mode, a load 
capacitance of the PDP 100 is charged in response to the 
applied pixel data pulse. Next, as the column electrode D 1 
is applied with a pixel data pulse at low voltage for 
setting the discharge cells on the second display line into 
the light emission mode, the charge accumulated by the 
foregoing charging is discharged. Likewise, as the column 
electrode D x is next applied with a pixel data pulse at low 
voltage for setting the discharge cells on the third 
display line into the light extinction mode, the load 
capacitance of the PDP 100 is again charged. In other 
words, the load capacitance of the PDP 100 is charged each 
time the light emission mode setting for setting each 
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discharge cell into the light emission mode is switched 
into the light extinction mode setting for setting each 
discharge cell into the light extinction mode, thereby 
consuming useless power due to the charging. 

To prevent the wasteful charging, in the present 
invention, pixel data is written into every other display 
lines from the first display line to the n-th display line 
on the PDP 100 in the addressing stages W2 X and W2 2 of each 
of the sub-fields SF3 - SF10. For example, for writing 
pixel data into each discharge cell in a form as shown in 
Fig. 10, the discharge cells belonging to each of the first, 
third, fifth, (n-l)th display lines are first set into 

the light extinction mode from one display line to another 
in the addressing stage W2 X . In this vent, the column 
electrode D x is applied with a pixel data pulse at high 
voltage for setting the discharge cells into the light 
extinction mode. In response to the application of the 
pixel data pulse at high voltage, the load capacitance of 
the PDP 100 is charged when pixel data is written into the 
first display line. However, the load capacitance of the 
PDP 100 is not charged when pixel data is next written into 
the third display line because the load capacitance has 
already been charged. Likewise, such charging is avoided 
as well in the operation for the fifth display line onward. 
In the addressing stage W2 2 , in turn, discharge cells 
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belonging to each of the second, fourth, sixth, . . . , n-th 
display lines are set into the light emission mode from one 
display line to another. In this event, the column 
electrode D 1 is applied with a pixel data pulse at low 
voltage for setting the discharge cells into the light 
emission mode. However, the load capacitance of the PDP 
100 is not charged even if the column electrode D 1 is 
applied with a low voltage pixel data pulse. 

In the foregoing way, pixel data is written into each 
discharge cell every other display line in the addressing 
stages W2 X and W2 2 of each of the sub-fields SF3 - SF10. 
Therefore, for setting each discharge cell in the form as 
shown in Fig. 10, discharge cells are successively set into 
the light emission mode (or the light extinction mode) on 
each column electrode. This results in a smaller number of 
times the light emission mode setting is switch to the 
light extinction mode setting (per unit time) , leading to a 
reduced number of times the load capacitance of the PDP 100 
is charged, and to limitations to wasteful power 
consumption for the charging. 

Nevertheless, for setting each discharge cell in a form 
as shown in Fig. 11, the light emission mode setting is 
frequently switched to the light extinction mode setting on 
each column electrode D in the addressing stages (W2 lf W2 2 ) 
of each of the sub-fields SF3 - SF10. In this event, 



36 



however, the light emission mode setting is switched to the 
light extinction mode setting in the addressing stage Wl of 
each of the sub-fields SF1 and SF2 a number of times half 
as much as that in the addressing stages W2i and W2 2 (per 
unit time) . This results in a reduced number of times the 
load capacitance is charged, leading to limitations to the 
wasteful power consumption for the charging. Further, in 
the addressing stages W3 X - W3 4 of each of the sub-fields 
SF11 and SF12, pixel data is written into each discharge 
cell every fourth display line. Consequently, the light 
emission mode setting is switched to the light extinction 
mode setting on each column electrode a number of times 
(per unit time) largely reduced as compared with those in 
the addressing stages VS2 1 and W2 2 . This results in a 
reduced number of times the load capacitance is charged, 
leading to limitations to the wasteful power consumption 
for the charging. 

As described above, in the display device shown in Fig. 
3, the discharge cells belonging to each of the first to 
the n-th display lines on the PDP 10G are sequentially 
scanned from one display line to another to set them into 
either the light emission mode or the light extinction mode 
in the addressing stage Wl of each of the sub-fields SF1 
and SF2. In the addressing stages W2 X and W2 2 of each of 
the sub-fields SF3 - SF10, the discharge cells belonging to 
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each of the first to the n-th display lines of the PDP 100 
are scanned every other display line to set them into 
either the light emission mode or the light extinction mode. 
Then, in the addressing stages (VJ3 lf W3 2 , W3 3 , W3 4 ) of each 
of the sub-fields SF11 and SF12, the discharge cells 
belonging to each of the first to the n-th display lines of 
the PDP 100 are scanned every fourth display line to set 
them into either the light emission mode or the light 
extinction mode. Stated another way, in a sub-field group 
consisting of SF1 and SF2, in a sub-field group consisting 
of SF3 - SF10, and in a sub-field group consisting of SF11 
and SF12, the discharge cells are scanned from one display 
line to another in different orders. 

This results in a less number of times the discharge 
cells are switched from the light emission mode to the 
light extinction mode on each column electrode, and a 
resulting reduction in the number of times the load 
capacitance of the display panel is charged, leading to 
limitations to wasteful power consumption spent for the 
charging . 

While the foregoing embodiment has given an exemplary 
display device equipped with a plasma display panel as a 
display panel for describing the driving method according 
to the present invention, the present invention can be 
applied as well to a display device equipped with an 
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electroluminescence panel as long as it is a capacitive 
display panel. 

In essence, for scanning pixel cells of a capacitive 
display panel from one display line to another to set the 
pixel cells into the light emission mode or the light 
extinction mode in the addressing stage of each sub-field 
in one field, the display lines may be scanned in different 
orders from one sub-field to another or from one sub-field 
group to another. 

Alternatively, in Fig. 7, the sustain stage in a sub- 
field which involves a large number of times of light 
emission may be divided into a plurality of divided sustain 
stages, and each of these divided sustain stages may be 
performed immediately after each addressing stage of the 
sub-field. For example, the sustain stage I of the sub- 
field SF11, which is allocated a light emission duration 
"47" as shown in Fig. 7, may be divided into sustain stages 
I 1 - I 3 , each of which is allocated a light emission 
duration "12," and a sustain stage I 4 which is allocated a 
light emission duration "11." Then, in the sub-field SF11, 
the PDP 100 is driven in the order of the addressing stage 
W3 X , sustain stage I lf addressing stage W3 2 , sustain stage 
I 2 , addressing stage W3 3 , sustain stage I 3 , addressing stage 
W3 4 , and sustain stage I 4 . 

While each field is divided into 12 sub-fields SF1 - 
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SF12 as shown in Fig. 7 for driving in the foregoing 
embodiment, the number of sub-fields into which one field 
is divided is not limited to 12. Also, in the embodiment 
shown in Fig. 7, the addressing stage W x is performed in 
SF1 and SF2; the addressing stages W2 X and W2 2 in SF3 - 
SF10; and addressing stages W3 lf W3 2 , W3 3 , W3 4 in SF11 and 
SF12, but the present invention is not limited to this 
driving sequence. 

For example, as shown in Fig. 12, each field may be 
comprised of ten sub-fields SF1 - SF10. In the sub-fields 
SF1, SF4, SF7, and SF10, the addressing stage Wl is 
performed to sequentially scan the discharge cells 
belonging to each of the first to the n-th display lines 
from one display line to another to set the discharge cells 
into either the light emission mode or the light extinction 
mode. In the sub-fields SF2, SF5, and SF8, the addressing 
stages W2 2 and W2 2 are performed to scan the discharge 
cells belonging to each of the first to the n-th display 
lines every other display line to set the discharge cells 
into either the light emission mode or the light extinction 
mode. Then, in the sub-fields SF3, SF6, and SF9, the 
addressing stages VJ3 lr W3 2 , W3 3 , and W3 4 are performed to 
scan the discharge cells belonging to each of the first to 
the n-th display lines every fourth display line to set the 
discharge cells into either the light emission mode or the 
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light extinction mode. 

Also, while the addressing stages Wl, W2 lf W2 2 , W3 lf W3 
W3 3 , and W3 4 are mixedly performed in each field, they may 
be performed in units of fields. 

For example, as shown in Fig. 13, in a (3M-2)th field 
(M is a natural number) such as the first field, fourth 
field, and seventh field in an input video signal, the 
addressing stage Wl is performed in each sub-field of this 
field. Also, in a (3M-l)th field such as the second field 
fifth field, and eighth field, the addressing stages W2 X 
and W2 2 are preformed in each sub-field of this field. 
Then, in a (3M)th field such as the third field, sixth 
field, and ninth field, the addressing stages W3 X , W3 2 , W3 3 
and W3 4 are performed in each sub-field of this field. 

In essence, the first to the n-th display lines are 
scanned in the addressing stage in a field or in a field 
group comprised of a plurality of fields in an order 
different from those in the addressing stages in other 
fields or in other field groups. 

This application is based on Japanese Patent 
Applications Nos. 2003-113651 and 2003-180709 which are 
herein incorporated by reference. 
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